Pressure ulcers remain a dominant health problem for persons with spinal cord injury despite abundant published research describing risk factors. Although information on these factors is plentiful, its usefulness to the spinal cord disabled is limited by three problems. First, the sheer volume is overwhelming; more than 200 risk factors for pressure ulcers have been described in the published literature. For most health care professionals, finding, no less reading and evaluating, the hundreds of articles published on this topic would be difficult. Second, most studies focused on elderly patients in nursing homes. Pressure ulcer risk factors for the spinal cord disabled are often different from those for the elderly; yet many findings from studies of the elderly provide valuable information. Third, inadequate sample sizes often hamper the usefulness of research on the spinal cord disabled. Drawing valid conclusions from these small studies, especially concerning potential risk factors is difficult. To address these three problems, we critically evaluated the medical, nursing, and nutritional research literature that pertained to risk factors for pressure ulcer development. The purpose of this paper is to provide a review of published reports on the principal risk factors for pressure ulcers in persons with spinal cord injury. The overwhelming number of risk factors reported in the literature poses a challenge in clinical applications. To focus attention on the major risk factors various scales for assessing pressure ulcer risk have been proposed. Unfortunately these scales have been of uncertain application for SCI patients.
Introduction
Pressure ulcers are an underestimated healthcare problem, particularly for individuals with spinal cord injury.l , 2 Prevention of pressure ulcers, therefore, has not been given the appropriate high priority? a Each year in the United States, pressure ulcer-related complications cause 60,000 deaths. 3 Among spinal cord injured individuals, between 7% and 8% will die of these complications. 4, 5
The annual incidence of pressure ulcers among individuals with SCI is between 23% 6 and 30%, 7 but up to 85% of SCI individuals develop a w essure ulcer at some point during their Iifetimes. 8-2 More than 70% of SCI g atients with a pressure ulcer have multiple ulcers. 3
Because a spinal cord injury drastically alters a person's physiology, 5 ,7,14 -2 1 an understanding of the most appropriate risk factors for this population is required. Moreover, the cutoff points reflecting the unique thresholds for each of these risk factors must be established. [22] [23] [24] Correspondence: DW Byrne at Byrne Research, 17 Dogwood Drive, Ridgefield, CT 06877-2707, USA This review focuses on the major risk factors (Table 1) for the development of pressure ulcers in spinal cord injured individuals. 25 Additional risk factors, described in the published literature, are listed in Tables 2 -7. Discussion of these additional risk factors is beyond the scope of this review. Readers interested in the additional factors can refer to the original sources, or the more general review of pressure ulcers provided by Yarkony. 78 b
Pressure ulcer risk assessment scales
The overwhelming number of risk factors reported in the literature poses a challenge in clinical applications. To focus attention on the major risk factors various scales for assessing pressure ulcer risk have been proposed. Unfortunately these scales have been of uncertain application for SCI patients.
The Norton Scale/ 9 one of the first of these pressure ulcer scoring systems, was developed in 1962, based on 250 geriatric patients. For the following 33 years, researchers refined and tested the Norton Scale on various types of patients. 
Severity of Spinal Cord Injury

1.
Decreased level of activity
Immobility
3.
Completeness of the SCI
4.
Urine incontinence/moisture
5.
Autonomic dysreflexia/severe spasticity
Preexisting Conditions
6.
Advanced age
7.
Tobacco use/smoking 8.
Pulmonary disease
9.
Cardiac disease/abnormal electrocardiogram
10.
Diabetes/poor glycemic control
11.
Renal disease
12.
Impaired cognitive function
13.
Residing in a nursing home/hospital
Malnutrition and Anemia
14.
Hypoalbuminemia/hypoproteinemia The variables in current risk assessment scales have been criticized as 'peripheral to the issue, subjectively determined and not correlated with the development of a pressure ulcer'. 8 5 These scales often depend on vaguely defined and arbitrarily weighted risk factors. Although these pressure ulcer scales have been used for SCI individuals, 45 we are not aware of any scale that was specifically designed for the SCI group.
Anemia
Few SCI care givers want another scoring system. Most realize, however, a need to focus on major risk factors specific to the SCI population: without properly accounting for these major risk factors or the patient mix, predicting the high-risk subgroup will remain inaccurate. Researchers know that without proper adjustment for these major risk factors, evaluating methods of preventing pressure ulcers will be inefficient. 8 , 1 0 8 -\1 6
Much of the published research on predicting those at risk for pressure ulcers, especially in persons with SCI, is limited. Small sample sizes, inadequate follow- Prolonged time on spinal board 11
Friction5,7 0 , 1 8 9
Shearing of skin surfaces 3 7,7 0 -7 2 Marital status of single/unmarried7 Poor responsibility in skin care77 Low satisfaction with activities of life 77
Low self-esteem 7 8 ups and insufficient control of confounding variables make � eneralizing difficult. Yarkony and Heine mann 11 a provide a notable exception in their large, long-term study of pressure ulcers. They showed that admission to a 'Model SCI Center' may significantly reduce the incidence of pressure ulcers. 7,11 6 a If pressure ulcers are to be prevented, understanding the major risk factors and using a system that accurately predicts the high-risk group among SCI individuals is critical.
Severity of spinal cord injury
Level of activity is a primary risk factor for pressure ulcer development. Table 2 with other potential physical risk factors rather than major risk factors in Table 1 .
Autonomic dysreflexia is a condition that affects individuals with spinal cord injuries at level T6 and higher. This condition is the result of increased autonomic activity resulting from reflex hyperactive sympathetic responses to various provoking stimuli. Autonomic dysreflexia and spasticity 4 ,7,1 4 ,! 8,4 5, 68,132, 140 -1 43 are both more common in patients who develop pressure ulcers, but the causal effect relation ship is poorly understood.
Preexisting conditions
Age is a risk factor for pressure ulcers in the non-SCI population. 27 Arteriosclerotic heart disease is another pressure ulcer risk factor. 1,73,117,120,148 Surprisingly, one study found a lower risk for pressure ulcers in those with heart disease. The authors that suggested this may be an artifact related to the sudden deaths in the patients with heart disease. 4 o Researchers have generally found that the incidence of pressure ulcers is hi fl her in patients with cardiac diseases,z 2 ,49, 53 , 73,120,149, 0 This connection needs further investigation before it can be used to predict pressure ulcers accurately. Blood pressure is routinely higher in tetraplegics than in paraplegics. 6 Chronic hypertension is more prevalent in SCI patients, compared with persons without spinal cord injury. 19 These may be compensatory mechan isms because hypotension is a well-known risk factor for pressure ulcers. ll , 28,3 0,31,34
Another preexisting condition associated with pressure ulcers is pulmonary disease, but the causal mechanism is also not fully understood; 7,2 5 ,43, 5 9,1 5 1 future research should include blood gases and other methods of measuring the extent of pulmonary diseases in strong prospective designs. SCI patients have a higher incidence of diabetes than non-SCI patients. Many of the studies that examined preexisting conditions lacked the statistical power to show the association between these conditions and pressure ulcers. For example, in a stud � of non-SCI hospitalized patients, Allman, et al. 8 reported that the incidence of diabetes was twice as high (30% vs 15%) in a group of pressure ulcer patients vs controls.
The P value was of borderline significance (0.09) due to the small sample size of 108 patients. We calculated the sample size required to achieve statistical significance (using an alpha error of 0.05 and a power of 0.80) for the increase from 15% to 30%. Such a study would require 134 patients with pressure ulcers and 134 patients without pressure ulcers. However, in smaller studies, lack of statistical significance should not be misinterpreted as proof that a variable is not a risk factor.
Another category of major risk factors involves inpaired cognitive function. Unconscious patients are at a higher risk of developing pressure ulcers than are semiconscious patients. 27 Altered level of conscious ness, history of cerebrovascular accident, and demen tia have also been associated with pressure ulcers. 28 . 29,33,42 ,43,48, 58 , 79,94,9 6 ,117,1 2 0,1 2 1 Although depression may be more prevalent in the SCI popula tion, it is not related to pressure ulcers. 1 5 4 Others have found psychosocial factors, 77 such as economic self esteem and social adjustment, I 55 to be related to pressure ulcers in SCI patients.
SCI patients in nursing homes and hospitals commonly have conditions that � lace them at increased risk for pressure ulcers. 7,1 7 For non-SCI persons, the prevalence of pressure ulcers varies widely among nursing homes -inde J? endent of the popula tion's injury severity. 55 ,1 56 ,1
The prevalence of pressure ulcers in nursing homes has been reported to ran � e from 0% to 15%, 55 16% to 35%, 94 2.6% to 24% 1 5 and 0% to 78%. 1 56 In a study performed in 30 Department of Veterans Affairs nursing homes, investigators found that the injury severity of patients was similar in the two institutions with the extreme pressure ulcer prevalence rates. 55 For an SCI individual, residing in a nursing home or hospital is a good indicator of risk for pressure ulcers regardless of the causal relationship.
Malnutrition and anemia
Pressure ulcer risk increases with poor nutrition. After pressure itself, malnutrition is one of the most important risk factors in the etiology of pressure ulcers. 24 In a comparison study, physician-assessed nutri tional status was not a good predictor of pressure ulcer development; low hemoglobin � < 12 gm/dl) was found to be a significant predictor, 0 demonstrating the importance of using objective nutritional indicators. Judging that a patient has 'inadequate nutrition' may be more convenient than measuring hemoglobin or serum albumin value. Unfortunatel i ' this subjective assessment has little predictive value. 2 The cost of blood analysis for objectively measuring the nutritional status of these patients is only a small fraction of the cost of treating a pressure ulcer. 170 Hypoalbuminemia has been well documented as a predictor of pressure ulcers. who developed pressure ulcers after admission. They examined changes from admission to ulcer formation and found significant drops in albumin (3. 1 to 2.5 gm/ dl) and hemoglobin (12.6 to 8.7 gm/dl), These findings and other evidence suggest that hypoalbuminemia is an antecedent factor and not the result of a pressure ulcer. 25 ,34,4 8 , 82
One study does not completely support this view. In 1989, Berlowitz and Wilking 42 found that hypoalbu minemia was significantly associated with pressure ulcers in their cross-sectional analysis, but not in their prospective analysis. Yet the lack of statistical significance in the prospective design does not -as they suggested -disprove hypoalbuminemia as a risk factor or prove a bias in the cross-sectional study. This lack of significance could be the result of too few patients with pressure ulcers (n = 20 compared with n = 100 for the cross-sectional study), It also could be attributable to the short follow-up period of 3 weeks. There is also evidence that hypoalbuminemia may be associated with deep, but not superficial pressure ulcers, 73,121,1 6 1 Nursing staff may provide different care (such as nutritional supplementation or more frequent turning) to those with abnormally low albumin levels. This would obviously bias the findings of these inhospital prospective studies.
Several reports suggest that for serum albumin a cutoff point of < 3.4 gm/dl may be an appropriate threshold. Bobel1 73 states, 'Serum albumin levels below 3.4 mg per dl are significant for protein deficiency'. 17 0 Others have recommended starting nutritional intervention to prevent pressure ulcers when the albumin level· is below 3.3 gm/dl. 1 6 1 Hoimesl 7 0 et al. showed that patients with albumin levels below 3.5 gm/dl were nearly five times as likely to develop a pressure ulcer. They recommended this cutoff point for screening patients for pressure ulcer risk upon hospital admission. In a study by Vasile et al., I serum albumin levels were below 3.5 gm/dl for all 27 patients with pressure ulcers. Moolten 2 1 found serum albumin levels below 3.5 gm/dl in 85.7% (24/28) of patients with deep pressure ulcers. SCI patients have increased albumin elimination ratesl 6 and lower serum albumin levels than non-SCI patients (3.70 vs 4. 15 gm/dl, P<0.00 1). 1 5 Yet among pressure ulcer patients, SCI patients had a higher albumin level than non-SCI patients (3.40 vs 2. 13 gm/dl). The total number of pressure ulcers that a SCI person develops is inversely related to hematocrit level. 25 Yet average hematocrit and albumin levels are often within normal limits for SCI individuals in both groups -with and without pressure ulcers. Never theless these groups can be significantly different, statistically, from one another. 25 Several explanations for this paradox can be found. First, mild anemia is only one of many factors that predispose SCI individuals to pressure ulcers. Second, low hemato crit may be a strong risk factor for some sites (eg, trochanteric pressure ulcers) but a weak factor for pressure ulcers at other sites. Third, it is possible that SCI patients have a different hematocrit threshold for pressure ulcer development than non-SCI patients. In addition most SCI patients experience mild anemia and many have 'unpredictable fluctuations of the hemoglobin level' .1 65
The 'traditional' surgical cutoff point for hematocrit is < 30%, and for albumin is < 3.0 gm/dl. These points are not based on scientific studies involving SCI patients, but are rather designed to identify surgical patients at risk for postoperative mortality. Our recent findings suggest that these two cutoff points would not be useful for screening SCI patients for pressure ulcer risk; specificity would be 100% but sensitivity would 
Conclusions
Pressure ulcers account for one-fourth of the cost of caring for SCI patients. 1 3 2 Prevention of these ulcers would cost less than one-tenth the amount spent on treatmentY 5 clearl � 'more emphasis must be placed on their prevention'. 12 Changes in the health care system should include cost-efficient and timely prevention programs to contain these medical costs in the future.
The total cost attributable to treating pressure ulcers has been estimated at between two and five billion dollars annually in the United States.77, 8 0,12 4 ,162 During the initial hospital and rehabilitation period, it costs 66 million dollars per year to treat new SCI patients who developed pressure ulcers (40% of the 8275). 11
In the US there are 200,000 SCI patients? ,186 The annual incidence of pressure ulcers in SCI patients is 23%. 6 Thus, an estimated 46,000 SCI individuals per year develop a pressure ulcer in the US. Using a conservative estimate of $25,000 to treat each pressure ulcer,1 87 the potential total cost of treating SCI patients for pressure ulcers can be estimated at $1.2 billion annually.
Although cost estimates vary, there is no question that preventing pressure ulcers is far less expensive than treating them. 3, 1 3 5, 1 88 Patients with multiple, major risk factors are in a high-risk group and should be enrolled in a comprehensive program for preventing pressure ulcers.10 9 Pressure ulcer prevention in the high-risk group of SCI patients deserves a high priority in the future health care and insurance reforms. 7 This review summarizes the published information on the 15 major risk factors to help make such a prevention program more manageable. Stover 
